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Introduction
The global financial crisis of 2008 has renewed the post-crisis research interests in the instability of the financial sector. Although full-blown financial crises did not occur in China during past decades, China did experience several periods of financial instability since 1978. Specifically, the high non-performing loans ratio in China's banking sector harms the soundness of the financial system, thereby depressing China's sustainable rapid economic development during the mid-1990s. Empirical studies have suggested that the stability of financial system is not only the precondition but also the foundation for sustainable economic developments. 1 Therefore, exploring the methods to measure and monitor the instability of China's financial system, and thereby providing early warning signals and preventing possible financial distress has important implications for ensuring the stability of China's financial system and sustainability of China's economic growth. In this paper, first, we construct a financial stress index (FSI) and a financial conditions index (FCI) to measures the systemic risks in China's financial system. Several techniques, including GARCH modelling, VAR approach and econometric benchmarking are employed in developing two indices. China's FSI (CNFSI) is calculated by summing several sub-indices with the equal-variance weighting. These sub-indices gauge the instabilities of different financial markets, including interbank markets, stock markets, foreign exchange markets and debt markets. China's FCI (CNFCI) is built up by extracting the financial information from the numerous variables, which measure the conditions of China's macroeconomy and financial markets (same four markets as those in constructing the CNFSI). The weights in constructing the CNFCI are derived from a structural VAR model. Second, by using these two indices, we identify the episodes of financial stress for China, and then conduct predictive tests and total errors analysis to evaluate them. The predictive tests show that both CNFSI and CNFCI perform better, but the empirical results from total errors analysis suggest that the CNFSI is more suitable for measuring and assessing China's financial instability than the CNFCI. _________________________ 1 Semmler and Chen (2014) , for example, show that the financial distress has large and persistent impacts on the real side of the economy.
www.economics-ejournal.org 3 Third, we seek to find some variables that help predict the systemic financial stress identified by the indices. Based on the empirical results, we propose four types of leading indicators for monitoring China's financial instability: the growth rates of deposits and loans (Credit Indicator), real estate prosperity index or housing price index (Investment or Property Indicator), CPI inflation (Price Indicator) and the growth rates of M2 (Monetary Indicator). Combining the leading indicators and the CNFSI constructed, finally, we provide a primary early warning system for China's macroprudential regulations. Moreover, our predicting test shows that the early warning system works well in providing early warning signals to the 2015 episode.
The rest of the paper is structured as follows. Section 2 provides a literature review. Section 3 describes the data. Section 4 constructs the indices, identifies the episodes of financial stress, and compares the two indices. Section 5 examines the leading indicators for China's financial instability and proposes an early warning system for China's macro-prudential regulations. Section 6 concludes.
Literature Review
Financial instability has many sources. Our study, likely in the recent research heart of macro-finance linkages, focuses on the instability of a financial system as a whole, viz the financial instability caused by systemic risks. Systemic risk, according to the definition by De Bandt and Hartmann (2000) , is "a systemic event that affects a considerable number of financial institutions or markets in a strong sense, thereby impairing the general well-functioning of the financial system". ECB (2010) defines the systemic risk as a risk of financial instability "so widespread that [it] impairs the functioning of a financial system to the point where economic growth and welfare suffer materially." Oet et al. (2011) provides a definition for system risk from the supervisors' view: "Systemic risk may be referred to as the risk of correlated default of financial institutions affecting largely the system's risk capital and liquidity with subsequent negative feedback effects on real markets." Although currently there is no commonly accepted definition for a systemic risk, most economists recognized the significance of the identification and measure of systemic risks, which are key factors for post-crisis financial stability and macro-prudential regulations.
Many measures of systemic risk have been developed, one direction of which is attempting to construct a continuous financial index, which contains an entire set of information that describes conditions of the entire financial system, either loose or stress by predetermined standards. These financial indices, including FSIs and FCIs, which can "provide a timely snapshot of the contemporaneous severity in a financial system", and can be "updated in a more timely fashion with forwarding-looking features" according to Illing and Liu (2003) , are very useful in measuring and assessing the soundness or instability of a financial system. The indices eliminate some drawbacks derived from binary measures and logit models for systemic risk. Moreover, a well-constructed index "should not be meaningful as a monitoring tool but also useful within a large EWS (Early Warning System)" (Illing and Liu 2003) .
An FSI is used to reflect and assess the "stress exerted on economic agents by uncertainty and changing expectations of loss in financial markets and institutions" Liu, 2003, 2006) . It "is a continuous variable with a spectrum of values, where extreme values are called financial crises." FSIs can be employed for identifying the financial distress severity and dating the systemic conditions, and thereby warning and predicting the possible breakthrough of a crisis in the financial system. An FSI could continue with high frequency (daily, weekly, monthly etc.) and cover numerous systemically important financial markets. There are two key elements in constructing an FSI: variables choice and weighting method. The variables adopted should cover the main components (markets) of the regarded financial system. The literature gives alternative weighting schemes: (1) equal weights; (2) equal variance weights; (3) credit weights; and (4) principal components. Cardarelli et al. (2009) designed an FSI by an equal-variance weighting, including seven variables grouped into three categories in banking, securities, and foreign exchange markets for 17 advanced economies over the past 30 years. The notable Cleveland Financial Stress Index (CFSI) by Oet et al. (2011) comprises eleven variables from inter-bank markets, foreign exchange markets, credit markets and equity markets. The CFSI is summed by a variable weighting approach in terms of variable transforming function. Hakkio and Keeton (2009) introduced the Kansas City Financial Stress Index (KCFSI), which also covers eleven variables with various spreads, aggregated with the weights by factor analysis. Following Cardarelli et al. (2009 ), Balakrishnan et al. (2009 constructed financial stress indices for emerging markets (EM-FSI). Table B in the Appendix provides a summary description of the empirical studies of various FSIs.
The monetary condition index (MCI, Freedman 1994) introduced by the Bank of Canada is a prototype of FCI. MCI, calculated by weighted average of the refinancing rate and the exchange rate, evolved into a financial conditions index by broadening its scope of variables. Hatzius et al. (2010) defines financial conditions as "the current state of financial variables that influence economic behaviour and (thereby) the future state of the economy. Theoretically, such financial variables may include anything that characterizes the supply or demand of financial instruments relevant for economic activity." Hence, an FCI should cover all the contents about the future state of the economy contained in these current financial variables. Using similar methodology as in constructing an FSI, Angelopoulou et al. (2013) summarizes several ways from which the weights of FCIs are generally derived: (1) structural models as in Goodhart et al. (2002) ; (2) reduced form models likely in Mayes and Viren (2001) ; (3) Principal Components Analysis in Forss et al. (2011) ; (4) impulse responses of a VAR or Kalman filter. FCIs have been developed for a number of countries (US, Canada, Finland, Sweden, Germany, UK, Euro area etc.). Table C in the Appendix presents a detailed description of FCIs. Hatzius et al. (2010) argued that "an FCI should measure financial shocks-exogenous shifts in financial conditions, eliminating variability in the financial variables that can be explained by current and past real activity" so that it reflects exogenous information associated with the financial sector rather than feedback from macroeconomic conditions, which are incorporated into most "old" FCIs. Against this background, our CNFCI follows most old ones. Some researchers, for example, Hatzius et al. (2010) , take FSIs as a special form of FCIs, hence, FCIs should reflect the information contained in FSIs and beyond. However, Oet et al. (2011) argued that a financial stress index approach is more fitting than a financial conditions approach.
Using leading indicators and an early warning system to monitor financial instability has a long history. The relevant literature dates back to the 1970s. Kaminsky et al. (1998) provided a review of the literature for indicators of crises in the Appendix of their paper. Methodologically, EWS is divided into two groups: parametric (regression based) and non-parametric (signal extraction). Using parametric methods, Frankel and Saravelos (2011) investigated the crisis incidence of the global financial crisis in 2008-2009. They find that foreign exchange www.economics-ejournal.org 6 reserves, real exchange rate, credit growth, real GDP growth and the current account balance as a percentage of GDP are the most reliable indicators to explain crisis incidence. A typical non-parametric EWS, the so called "Signal" approach developed by Kaminsky et al. (1998) , involves monitoring the evolution of a number of leading economic indicators, issuing a signal that a crisis of financial instability could occur within the next 24 months when one of these indicators deviates from a given threshold. To predict the risks of banking crises and explore the nexus between the monetary stability and financial stability, Lowe (2002a, 2002b) use the asset price and credit indicators. Comelli (2013) conducts a broad comparison about the in-sample and out-of-sample performances of three parametric and non-parametric early warning systems (EWS) for currency crises in emerging market economies. The framework of the leading indicators and EWS in this study follows Kaminsky et al. (1998) .
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China's Financial System and Data
China's Financial and Financial Regulation System
China's financial system (Figure 1 ), comprising the banking sector, financial markets, and nonstandard financial sector, is dominated by the banking sector. The banking sector is still controlled by the big-four state-owned commercial banks even with the entrance and growth of many domestic and foreign banks and financial institutions in recent years. China's money market consists of three submarkets; the inter-bank borrowing market, the inter-bank bonds repurchase market and the commercial paper market. The inter-bank borrowing market of China has operated since 3 January 1996, when the number of members was 63. In 2002 there were more than 500 participants and at the end of 2005 there were 695 members. These comprised policy banks, commercial banks, financial companies, insurance institutions, security brokers, investment funds and foreign banks. At the end of 2012, the monthly trade volumes of the inter-bank market reached 3.8236 trillion (RMB). Trade categories include overnight, 7 days, 14 days, 20 days, 30 days, 60 days, 90 days and the longest maturity of 4 months (120 days). Figure 2 summarises the trade volumes of the inter-bank market since 1996.
Two stock markets, the Shanghai Stock Exchange and Shenzhen Stock Exchange, were established in 1990. After two decades of development, they are still underdeveloped and inefficient in allocating the financial resources due to large speculations and inside trading, but they are becoming increasingly important in China's economic development. The market value of two stock markets was approximately 2.304 trillion yuan and the trade volume was approximately 0.317 trillion yuan (RMB) in December 2012. China's Securities Regulatory Commission, established in October 1992, is responsible for regulating the stock markets and the futures markets, which are very small and in a primary development stage. Figures 3 and 4 present the evolution of the stock indexes and trade volume for China's stock markets, respectively.
There exist three bond markets in China: the inter-bank bonds market, the stock exchange market and the commercial bank over the counter market. The wholesale transactions of booked bonds and policy banks bonds are conducted in the inter-bank bonds market by the institutional investors while the bonds are traded on the Stock Exchange between institutions and individuals. In the commercial banks over the counter market treasury bonds are issued to individuals and corporations where they are traded by investors. Among these three markets the stock exchange trade dominates according to turnover. The entire bond market is organized by 2-level custody arrangements. As China's central Securities depository (CSD) for the bond Market, the China Government Securities Depository Trust & Clearing Co. Ltd, (CGSDTC) takes the responsibility of the General Custodian, which is under supervision by the PBC. China's currency had appreciated approximately 30%. Figures 5 and 6 show the evolution of the exchange rates and foreign exchange stock in China since 1995, respectively. The foreign exchange markets are regulated by the State Administration of Foreign Exchange, which is directed by the PBC (the head of the State Administration of Foreign Exchange is generally one of the deputy presidents of the PBC).
China's insurance markets are also dominated by large state-owned insurance corporations, which are regulated by China Insurance Regulatory Commission (CIRC). The PBC, CRBC, CSRC, and CIRC are parallel regulators under the State Council, China's central government, while the PBC is authorized to oversee the monetary and financial stability. Table  A in the Appendix. China's financial system mainly comprises the banking sector (interbank markets), equity markets, debt markets, foreign exchange markets, and derivative security markets. Given that the derivative markets are tiny, underdeveloped and very shallow at the moment, we focus on the former four markets in this paper. The variables employed in constructing an FSI and an FCI for China's economy include various spreads, non-performing-loans ratio, deposits-to-loans ratio, exchange rates and foreign reserves, stock index, see Table A in the Appendix and Section 4.
Variables and Data
In addition, some macroeconomic variables are also included in the sample set because they are closely related to the macro-financial linkages in China. The first one is the change in prices level, denoted by CPI inflation, reflecting the completely loose or tight financial conditions with its rising and declining. The second is the growth rates of M2, containing the information about the monetary policies and conditions in monetary markets. The third group of variables consists of the house price index and the real estate prosperity index, representing the asset prices and investments, respectively. Finally, the growth rates of loans and deposits are chosen because most research suggests that credit variables are key factors in predicting the financial stress.
www.economics-ejournal.org 13 4
Indices Construction and Evaluation
A National Financial Stress Index for China's Financial System (CNFSI)
Our FSI designed to gauge the severity of financial instability in China comprises eight variables covering four markets: banks risk spread, banks non-performing loan ratio, and banks loan-to-deposit ratio for banking industry; Shanghai stock market index for stock markets; exchange rate and foreign reserves for foreign exchange markets; and risk spread and sovereign spread for debt markets. As mentioned in Section 3, the variables are summarized in Table A of the Appendix.
Banking Sector
Referring to China's financial regulating practice (NPL ratio and Loans-to-Deposits ratio are two key instruments of macroprudential regulation by the CBRC), and following Lai and Lv (2010) , Cardarelli et al. (2009) , Hakkio and Keeton (2009) , Illing and Liu (2003) , and Oet et al. (2011) , we adopt the following three measures with four variables to reflect the stress in the banking sector: risk spread, non-performing loans ratio, and overall loans-to-deposits ratio. The FSI for the banking sector (BankFSI) is calculated by variance-equal weighting.
Risk spread
Risk spread in banking sector is the spread between risky and risk-free rates to reflect the interbank liquidity constraints and the expectations of default risk. 2 The calculation is
Interbank Risk Spreadt=3 mons Lt -3 mons TBRt
where 3 mons Lt denotes the three-month borrowing rates in China's interbank market; 3 mons TBRt is the three-month government bond rates.
_________________________

Non-Performing loan ratio
The overall non-performing loan ratio for the state-owned commercial banks 3 is chosen to assess the stress of banking sector in China. This is because the capital owned by the state commercial banks dominated the capital structure of China's banking industry. 4 The data source is from the website of China Banking Regulatory Commission, the official regulator of China's banking system, and Shi and Peng (2003) .
Loans-to-Deposits ratio
This variable measures the constraint and default risks faced by China's banking sector. The calculation is straightforward.
FSI for the banking sector (BankFSI)
Using equal-variance weighting method, we build a sub-FSI for China's banking industry since 1997, shown in Figure 7 . Figure 7 reveals that the stress in China's banking sector reached a peak in 1999, which coincides with the identified bank crisis in later 1998 by Laeven and Valencia (2008) ; then, the BankFSI decreased gradually (The soundness of China's banking sector was improved after 2000).
If we exclude the bank risk spread because the data are not available until 1997, an alternative BankFSI for China's banking sector covering the period from January 1994 to December 2012 is obtained (Figure 8 ). Figure 8 shows two episodes of banking stress: 1994 -1995 and 1998 -1999 Figure 8 with Figure 7 , we see that the second BankFSI is more smoothing than the first one, and two BankFSIs demonstrate similar trends after 1997.
_________________________
3 The state-owned commercial banks in our paper are composed of the so-called "Big-Four" and other commercial banks in which the main shareholders or the biggest shareholders are local governments or state-owned corporations. The assets of these commercial banks attained approximately 82% of the total assets of China's commercial banking industry, according to the statistics by CBRC at the end of 2015. 4 The share of the capitals owned by the state banks has been above 70%, according to the CBRC. 
Stock Markets
The systemic stress and risks in stock markets are measured by the volatility of the stock index. We estimated the volatility using a GARCH (1, 1) model.
Following Bollerslev and Chou (1992) , a simple GARCH (1, 1) model is defined as 0 , (0,1) where t V denotes the month-to-month change in the Shanghai stock market index in our study, and the standard deviation t σ predicts the risk in the stock market.
The FSI for China's stock markets (SMFSI) constructed by GARCH (1, 1) is presented in Figure 9 . The figure indicates that China's stock markets are very volatile over the examined period. 
Foreign Exchange Market
The stress in China's foreign markets is also measured by the volatility. 
Debt Market
Two indicators are employed to measure the stress in China's debt markets following the conventional literature. The first one is the bond yield spread, which is a useful predictor of recession; 5 the second is the sovereign debt spread, showing international liquidity.
Bond yield spread
The spread between the long-term bond yield and the short-term bond yield is used as a possible predictor for the economic recession and as a proxy for the uncertainty in the government bond markets.
Bond yield spreadt =C 10 TB t -C 1TB t
where C10TB represents the 10-year government bond yields, and C1TB denotes 1-year government bond yield. We do not use 3-month Treasury bill yields because the period of data (yields rates) available for the 3-month bond in China's _________________________ 5 See, for example, Oet et al. (2011) , Estrella and Mishikin (1995) , Haubrich and Biano (2011) . short-term bond market is very short. The 1-year government bond is used as it is most popular and has a very long issuance history in China.
Sovereign debt spread
This term is defined by China's 10-year government bond yields minus the US 10year government bond yields:
Sovereign debt spreadt = C 10 TB t -US 10 TB t
Combining the bond yield spread and the sovereign debt spread, we obtain an FSI for China's debt markets (DMFSI) by equal-variance weighting in Figure 11 . In this figure, we find that the financial stress increased in China's debt market after 2009 due to the contagion effects of the international financial crisis. 
Overall FSI for China's Financial System (CNFSI)
We employ equal-variance weighting to construct an overall FSI (CNFSI) for China's financial system. 6 Given that the sample period for the debt market is too short (from 2002 onwards), and the trade volume in debt market is very tiny in China, we construct the CNFSI excluding DMFSI by equal-variance weighting from 1994 to 2012; Figure 12 plots the CNFSI. The contributions of the sub-indices for different financial markets to the overall FSI (CNFSI) are shown in Figure 13 , in which the disaggregated sources of China's financial stress (measured by the CNFSI) have been traced and measured. Figure 13 reflects that China's financial stress mainly arises from the interbank markets (the average contribution of BankFSI to the CNFSI is approximately 49.5%), which reflects the fact that the banking sector dominates China's financial system. The stresses from the foreign exchange markets (EMFSI) and the stock markets (SMFSI) contribute approximately 28.2% and 22.3%, respectively, to the overall instability of China's financial system. 
Identification of Episodes of Financial Stress by CNFSI
Considering the reality that no financial crisis has happened since 1994 in China, following Lai and Lv (2010) and other studies in the literature, we identify the episodes of systemic financial stress by measuring the deviations of the CNFSI from its long-run trend. When the CNFSI is two times of standard deviation more than the long-term average level, it suggests a financial systemic stress. Hence, the identification standard of a system financial stress is defined as 
where CNFSIE denotes the identification standard, t CNFSI µ and t CNFSI σ denote the average value and standard deviation of CNFSI time series. When CNFSIE is greater than 1, the systemic financial stress should be signalled. The identified episodes of systemic financial stress are presented in Figure 14 .
To provide useful and convenient tools for the supervisors and the public, we develop a non-parametric alarming grade system in terms of the degree of deviations of each systemic stress following the following rules of thumb:
Blue systemic financial stress alarming signal: 1 1.5 CNFSIE ≤ < Orange systemic financial stress alarming signal: 1.5 2.5 CNFSIE ≤ < 0% 20% 40% 60%
80%
Red systemic financial stress alarming signal: 2.5 CNFSIE ≤ Table 1 presents the episodes of systemic financial stress identified by this standard from January 1994 to December 2012. Table 1 shows that China's financial systemic stress sources from both domestic and global shocks during past decades. Laeven and Valencia (2008) . Spill over of Asia Financial Crisis (July 1997). 
A National Financial Conditions Index for China (CNFCI)
Constructing the CNFCI
In constructing the CNFCI, we use most variables that were used in constructing the CFSI, and add some new variables reflecting the monetary and credit supplies, asset prices etc. Note that in constructing the FCI, we replace the loans-to-deposits ratio by deposits-to-loans ratio, which provide positive contributions to financial conditions. The set of chosen variables includes the following: the deposits-toloans ratio of the banking industry, non-performing-loans ratios of the banking industry, risk spread of banks, 3-month interbank borrowing rates, the growth rates of M2 for the money supply, CPI inflation for the change in the price level, the national housing price index for asset price and the real estate prosperity index for the demand for investment, the stock market index for equity market, the exchange rate and the change in foreign reserves for foreign exchange markets. Following Swiston (2008) , Osorio et al. (2011) , we estimate the CNFCI using the weighted average approach, in which the weights are extracted from a VAR model:
where t y is a (m x 1) vector of endogenous variables, t x is an n vector of exogenous variables, B, C and D are matrices of the estimated coefficients, L is a lag operator, and i is the number of lag or the order of the VAR. The error term is a vector of innovations, which are I.I.D. Endogenous variables in the VAR model comprises growth of industrial production (proxy for growth of real GDP), CPI inflation, deposits-to-loans ratio, risk spread of banks, 3-month interbank borrowing rates, growth rates of M2, national housing price index, real estate prosperity index, stock market index, exchange rate and the change in foreign reserves. The CNFCI is thus estimated by , , 1 ( )
where the weight i w is calculated by the cumulative responses of the growth of industrial production to one-unit shock from the financial indicator i z , whereas i z and , i t Z µ denote the average value and standard deviation of i z over the whole sample period, respectively. We use the cumulative responses of growth of industrial production to a oneunit shock in financial variables within 12 periods (months) to calculate the weights for each financial indicator. The VAR models satisfy the requirements of mathematical stability, no heterogeneity, no AR and normal distributions in residuals. Figure 15 presents the CNFCI without the debt market since 1997 constructed by a weights-sum approach. In Figure 15 , we find that the financial conditions had a deep deterioration in 1998, which could have been caused by spill-overs of the Asian Financial Crisis and then improved gradually, but declined dramatically after 2008, which could be explained by the Global Financial Crisis, eventually recovering after 2009, but with fluctuations. In total, four episodes of financial instability have been marked by the CNFCI since 1997, two of them being coincidental with the episodes of financial stress identified in Table 1 by using the CNFSI.
Evaluation on Two Indices
Evaluation by Predictive Analysis
We examine and compare the two indices by testing their ability to predict the output gap following the conventional literature. 8 As our data are monthly, we use the growth rates of industrial production to proxy the growth rates of GDP.
In-Sample Predictions:
First, we conduct formal predictive tests by using an in-sample estimation equation:
where IPgrowthgap denotes the gap of the growth rates of industrial production, proxy for the gap of output growth. Index denotes the CNFSI or the CNFCI, respectively. C is the constant, and t ε is the error term. IPgrowthgap is calculated by H-P filter. To simplify, we use the OLS to investigate the indices' ability to predict the output growth gap. The results are reported in Table 2 . -Out-Of-Sample Predictions: Following Hatzious et al. (2010) and Osiorio et al. (2011) , we conduct a "pseudoout-of-sample" prediction tests by estimating the same equation (10) recursively and calculating the root mean squared error (RMSE). The results are also shown in Table 2 . The lag choice refers to the AIC information standard described by Hatzious et al. (2010) . The in-sample and post-sample prediction tests in Table 2 show that both the CNFSI and the CNFCI are effective in predicting the fluctuations of GDP, and the CNFCI performs a little better than the CNFSI in terms of the significance level. * and ** denotes 5% and 10% significance, respectively.
_________________________
Pseudo
Evaluation by Total Errors and Noise/Signal Analysis
In this section, we employ the ratios of noises to true signals, Type I errors, Type II errors and total errors to evaluate the two indices. The noise/signal ratio is defined as a ratio of incorrect alarm to correct warning signals. Type I errors measure the ratio of failing to signal a "true" high-stress event, calculated by the amount of no-signal-issuing for "true" stress divided by the total number of "true" stress. Type II errors are ratios that incorrectly signal, calculated by the number of wrong signals divided by the number of total signals. The "true" high-stress events are judged and justified by the reality of China's financial situations from 1997 to 2012 and the literature. 9 The four episodes of financial systemic stress in reality include the banking crisis in 1998 identified by Laeven and Valencia (2008) , thecollapse of China's stock market in 2007 (the Shanghai stock index fell from approximately 6000 to approximately 2000), the financial stress in 2008-2009 identified by Wacker et al. (2014) and Lai and Lv (2010) , and the financial stress in 2010 suggested by Lai and Lv (2010) and Wacker et al. (2014) . Following Comelli (2013) , we assume that the policymakers are more cautious, they dislike more missing a stress episode than issuing a false signal. This implies that the policymakers think that missing the alarm of a stress episode can potentially be much costlier than issuing a false signal in terms of foregone output. Therefore, we calculate the total errors according to the following equation:
Total Errors= (2/3)*Type I Errors+ (1/3)*Type II Errors (11) The performance of the index can be assessed by comparing the total errors and noise/signal ratio. The better index should be the one that can minimize the total errors and the noise/signal ratio. Table 3 summarizes the predicting accuracies of financial stress by the CNFSI and CNFCI, respectively. The results suggest that CNFSI is a more suitable index for identifying and predicting the systemic stress of China's financial system than is the CNFCI. With the identified episodes of financial systemic stress (distress) in Section 4.1 by the CNFSI, we investigate whether some variables can be selected to be the leading indicators for China's financial instability. We choose eight variables including the growth rates of total loans and total deposits and most variables in the dataset for constructing the two indices. These indicators are commonly employed in the macroprudential literature to predict financial instability Lowe, 2002 and 2004) . They capture the building up of financial vulnerability and imbalance in macroeconomic conditions. Table 4 summarizes the indicators. Methodologically, following the "signals approach" by Kaminsky and Reinhart (1996) and Kaminsky et al. (1996) , 10 we set the early warning window within 12 months prior to the start of episodes of financial distress identified in Section 4.1. Following Lowe (2002 a, 2002b) and Borio and Drehmann (2009) , first, we detrend the variables with an H-P filter, and then we compare the deviations of the values of the variables from their long-term trend (or average level) with the "optimal thresholds" (percentage deviation from the trend within 12 months) to find the possible leading indicators for monitoring China's financial instability. The optimal thresholds are determined using an iterative search procedure following Reinhart et al. (2000) to minimize the total errors. The performances of the indicators are examined according to the Type I, Type II, total Errors and noise/signal ratio, which are defined in Section 4.3. Figure 16 depicts the volatilities of these indicators, their thresholds for issuing alarming signals (precautious lines) and the identified episodes of financial stress with the early warning window (12 months prior to the start of the systemic financial stress). Table 4 reports the performance of these early warning indicators. On the basis of total errors and noise/signal ratio, it is shown that the volatilities of banking deposits-to-loans ratios, growth rates of M2, 3-month inter-bank borrowing rates, CPI inflation, housing price index, real estate prosperity index, growth rates of total deposits and total loans are fitting to be the leading indicators (early warning indicators) of China's financial vulnerabilities. The results suggest that the deposits-to-loans ratio, the growth rates of deposits and loans (Credit Indicator), housing price index or real estate prosperity index (Property Price or Investment Indicator), CPI inflation (Price Indicator) and the growth rates of M2 (Monetary Indicator) are relatively reliable leading indicators in issuing early warnings for China's financial instability. Most importantly, the price indicator (CPI inflation) and the credit indicators (deposits-to-loans ratio, growth rates of total deposits and loans) perform best in helping predict the identified episodes of financial stress among all the indicators chosen in this study.
_________________________
Thus, we propose a macro-prudential early warning system, comprising the CNFSI and four leading indicators (Price, Credit, Asset or Investment, and Money) with their thresholds, to monitor the instability of China's financial system. In this early warning system, following Borio and Lowe (2002a) , when the deviations of any two of the four indicators from their long run trends exceed their respective thresholds (4% for deposits-to-loans ratio, 6% for growth rates of aggregate loans, 4% for CPI inflation, 5% for housing price index or 4% for real estate property index, and 4% for growth rates of M2), the policymakers and regulators should pay attention to a possible financial stress within 12 months, and if the CNFCI also meet the identification standard of a systemic risk, the relevant alarm signal should be issued and the macro-prudential policy would be implemented to avoid possible financial distress.
A Predicting Exercise by the Early Warning System
It is well known that China's financial system experienced a disruption at the end of 2015 because of the dramatic fall of stock market indices and a remarkable depreciation of China's currency (RMB). Can our early warning system identify these financial stress episodes and provide precautionary signals? We enhance our data sample to the end of 2015, to conduct an out-sample predicting exercise. Figure 17 plots the CNFSI from January 1994 to December 2015. It is obvious that our CNFSI has identified the episode of financial stress from July 2015 to August 2015 caused by the stock market volatility, and the episode of financial stress from November 2015 onwards caused by the foreign exchange market volatility.
An orange systemic financial stress alarm and a weak blue systemic financial stress alarm should have been identified and issued for these two episodes because the calculated CNFIE is 1.98 for August 2015 and close to 1 for December 2015.
Within an early warning window of 12 months, the indicator of deposits-to-loans ratio would succeed in issuing early warning signals in December 2014 for two identified episodes of financial stress (orange and blue shaded area), as shown in Figure 18 . 
Concluding Remarks
In this paper, we construct a financial stress index (CNFSI) and a financial conditions index (CNFCI) to measure and assess the instability of China's financial system. The CNFSI is aggregated by several subindices for interbank markets, stock markets, foreign exchange markets and debt markets with equal weighting. The evolution of the CNFSI specifies the change in financial stress, and identifies the episodes of financial vulnerability in China from 1994 to 2012. The CNFCI contains the financial information extracted from eleven variables covering the main components of the financial system and important macroeconomic activities, reflecting China's current financial state including the situation of stress. The evaluation of these two indices is conducted by predictive tests and total errors analysis. The empirical results from both comparisons suggest that the CNFSI and the CNFCI constructed in our paper are both useful for measuring the stability of China's financial system. The total error analysis supports that the CNFSI is more fit for monitoring the financial instability in China than the CNFCI.
Using the identified episodes of financial stress, we find four leading indicators for China's financial instability: deposits-to-loans ratio, or growth rates of total loans and deposits (credit indicator), CPI inflation (Price indicator), housing price index or real estate prosperity index (asset or investment indicator), growth rates of M2 (monetary indicator). Combining these leading indicators with the CNFSI, and their thresholds, we form an early warning system for China's macroprudential regulations. Finally, we enhance our sample to include the period 2013-2015 and conduct a predicting test using the early warning system. The CNFSI has identified the episodes of financial stress with regard to 2015, and the deposit-to-loan ratio succeeds in issuing the early warning signal of the financial stresses in 2015, within an early warning window of 12 months. This proves the predictive power of the CNFSI and the early warning indicators that we suggest.
Further research is necessary for seeking more effective methods to examine the thresholds of financial disruptions, and exploring the nexus of monetary instability and financial instability. 
Appendix
